Case: 2;03-cv-00665-MHW-MRA Doc #: 82-1 Filed: 01/05/09 Page: 1 of 30 PAGEID #: 10975 


Lawrence Armstrong 
Deposition Exhibits 2 & 3 


Case: 2;03-cv-006.65-MHW-MRA Doc #: 82-1 Filed: 01/05/09 Page: 2 of 30 PAGEID #: 10976 


Mardi 31.2008 

Preliminary Report Prepared by Lawrence E. Armstrong, Ph.O.. FACSM 

For Attorney Paul De Marco 

Waite. Sdinader, Baytess & Chesley. LP^ 

1513 Fourth & Vine Tower 
One West Forth Street 
Cindnnatt OH 45202 

Re^ Keld Stringer v. National Football League et al. 

U.S. District Court Southern District of Ohio Case No. 03-665 

Dear Mr. DeMarco: 

I received your request to review documents regarding the 3 f , 

subsequent death of Korey Stringy, NFL fomb^ “'hSSq"e b^^aS^afen of 

-it. 

influence of a football uniform on exerdsenndoced hyperthermia. 

In preparation of my opinion, I have reviewed deposition transcripts, one videotape, relevant 
position stands of professional organizations, and published saentific artides. 

Based on the infomtatlon previded to tire, ^orey ^ 

July 31.2001 (luring an earty-season training session with Uie Minnesota g P 
team, during the initial days of summer training. 

Heat Balance in the Human Body: General Considerations 

Humans constantly produce heat, via metabolism of food nutrients, or stored ^y fat and wa 
exerdse. Humans also must remove heat from the body, w b^y 40“C 

r"dreio%re7e:fra:^^^^^^^ 

risk oi death from exertional heatstroke to nearly zero. 

Various environmental factors play a rote in heat vvithi^he 

temperature, air humidity, air velocity, solar radiant energy. ^^'^"'“"Lolic rate Oe ’especially 

fitness, heat acclimatization status, acute filness (i.e., presence of fever), and age. 


If a football game is played in a hot enwonment, dry heat loss wa 
reduced because the thermal gradient from skin to air decreases, Ngh humi i y _ 
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unif3 ^^this^^tenfially The role of a 

studies of Fox, Matthews and cofleaaues (Fm acknowledged in the pioneering 

football equipment on thermal balanL and Ka^^an WS, Bowers RW. Effects of 

339.1966: MatherDlT^x EL^S Research Quarterly 37: 332- 

football uniform. Journal of AppltedPhys?olMvS ^ 

American football uniform acted as a barrip??n observed that the 

its weight. increased metabolic heat production due to 

(Kulka TJ^KerlneyHeat balanSfe iSh understanding. The first study 

2002) observed eight coIleoLaoed min ^ho Medidne 30:29-39. 

a motor-driven treadmill at 35% of their rnavimaf^^ not competitive football players, while they walked on 

Of air temperature 

Identify the points at which esoohaapJ -T- f ^ ^ ® investigators sought to 

body's therrnoreaulatofv « 5 v<!tpmc *®^perature indicated uncompensable heal stress (i.e., the 

uniform or a full game uniform- the latter ^se^hlpl*^ wore either a practice 

shorts) with thigh, knee and hio pads Althonnh uniform plus game pants (not 

control trial from a previous studv were not wear shorts, the results of a 

of uncompensable heat stress for each nnifnmi^ investigators identified zones 

Medidne Position qtanH o training and competition. American College of Sports 

Meaicine Position Stand. Medicine & Science in Sports & Exercise 39:556-572, 2007). 

MetabcilJlnXlcSSc™^^^^^^ Snow TK. 

of Strength and Condittoning f^sSli ‘P® Peat Journal 

American football practii in a ll'C ’ ^OO?) evaluated the energy cost of a simulated 

and wore either shorts rthn rnn7roi?™^ {° ^ environment Five offensive linemen served as test subjects 

sTmTilSS^ rj^rnlastedVo m^S fSj^fu^smlinhS 

wearing helmet + shoulder th temperature was higher (P < 0.05) while 

minutes; and (b) the additlo^of sSL containing only the helmet, at time-points after 30 

during ®-^V cost, especial, 

^Hot Envh^n nSL '^^'" Thermoregulatory and Cardiovascular B u rden of a Football I Inifnrm 


P®P'|®®«®n3 and web pages that warn about the risk of 
• N^nal Center for cJfTstnnht t^^? ® '^'"®P®®" 

S"rask-°fhte Polifinn si ‘“'®^' Heat Stress and 

in the United sfates from '''®^ of exertional heat stroke 

greater physioloaical <!frsiin fnr ^ concludes that the insulation of a uniform leads to a 

yicdier pnysioiogical strain for a given environmental condition 
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wearing a fooM ‘ ''^^5; this artide advises that 

• Journal of the American ^ increases the risk of fatal hyperthermia 

lightweight uniforms be worn duringS^^^nd elS^If^sS^^^^^^ recommends that 


harmful effects of wearing a football ur^Sin^hotT authorities have realized the potentially 

Amencan football helmet protective padHrSrs 'he 

Exercise-induced metabolic heat productiin^ii dissipation to the air. 

induces uncompensable heat stress temperature without a plateau and readilv 

onhlfH^r '0 e uniform and atrenv^on^ntrS^rulfin^^ di:Wshed 

of the body. iviionment) can result in life-threatening heat storage in the organs 

cardiovascular strain fhaSirfrOT 'dermal and 

at the University of Connecticut, Human Perfor^InlfihnlJr' a '"''es'igaKon was conducted 

December, 2007. The purpose of this dtSr w« '"“"'h® October through 

responses during exercise in a hot environmenl^I^i?^ differences of thermal and physiological 
Control - shorts, socks, sneakers; or Partial - (shorts one of three uniforms per experiment: 

legs, hips, arms, shoulders and chest) m^..' P^nts. gloves, pads on 

so^s, sneakers, jersey, pants, glovS S onleoi hL P“" """orm - (shorts, 

pads and a Riddell helmet; the vintage of the helmet’and shn"irt including Riddell shoulder 

subject hydration state (i.e„ 

seated rest, fSS by tph!SO^m'Slltest.f repetitive box lifting (RBL), 10 minutes of 

nietal box with handles for^io minutes' After imt^thrSl''"^' w ®°'’®'®*®'' lining a 20.4 kg (45 lb) 

^tform that is 1.32 m high. An iJivest'igSSthi^^^^^^ 2.4 m to place it on a ^ 

ift Each subject used his legs when I ftlg the box P°®***on after each 

the famrlianzation visit. He placed his feet doL to tSv h Bering 

subject received a minute-by-minute countdown anH ^'s knees, and held up his head. Each 

Identical in all experiments. Based on a studv condurfS^^^^^ regarding pace; the rate of box lifting was 
ifted the box 100 times per 10 minute peri^ th^rwa^rh T Winter 2006. sutylcts 

these test subjects who all were formefTo'StbL'K^^ challenging but achievable effort for /hese for 

team football for aUeastlhile yeare^" ®®'^'®®'® 3PP®sr below (mean + SD). Each had played 


Subject 


Age I Body weight 
■irears | kg (lb) 


Fat Mass 
kg (lb) * 

33.5 
173.9) 
8.4 


Lean Body Mass 
kg Ob} ** 

76.7 
(169.1) 


^^'deiiimined"byDEM7dM3r^—^- f (16-5) rj -j) 

composition technique ' ^ ®^''ometry) scan, considered to be today^gdditiiFdiid body 
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7. 


1 were as follows; 

■ « p„, 

^ aweal rat^“were illter h h^L*"atallaUcaiiy simNaf. 

4. The number of test subjects who reached ^ 9'’®®'®'' ‘f*®" Control dothino 

follows: Control - 4. Partial Untfo,^ ^^°2.2“F) was recorS as 

tower b^y temperature threshold at which exertiona '® “nsfoered to be the 

temp^turs^Jl^f 5 (-w hermel w shooWer pads) caused reclat 

to rise 1.9 times faster than cS Dunno^®'"®" caused redal temp^rall 

shoulder pads accounted for 56% of the total reda/temi^rar" ®:‘®™®® ‘*’® helmet and^ 

The statistical regression analysis of he ‘®;:’P®'®ture nse of the Full Uniform. 

statistical predidion of the phystologi^uLtoel tod womih ^ ®"‘'a 

exercise bout. ' ^ have been reached, during a 2-hour 

Partial Sd^oS^Sor^^ ( 220 - age) was 196. meaning that 

exhaustion) during a 2-hour practice session maximal heart rate (i.e., 

Appendix A contains the entire final report submitted on 10 January 2008. 

following: ("'’"* ®''® "'V opinions, based on scientific research), I present the 

shoukieJ'^T ®'’°®'''®' p®* by 

fives unfiorm parts) inn^m^fnr '"® ''’®' *"''°'''® helmet, 

l-ves. but this was not allowed during the p^dirL se^sdZn'lfSStrjl" 201 ?°“"^ 

His tory as an Expert Cong. iitant SinrA onn^ 

«•«.Ibufta.rt«.,, Fiiau, 
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*. .earn of 

calculated »f^io’red. Is 

Respectfully submftted, 





__ 

t^vwnce E. Amisb^ong, Ph.O.. FACSM 
Professor 

Unlveralty of Connedlcuf, Human Performance Uborafory 
Home Ashford CT 06278 

Home Office Telephone: 860,463.0207 
Home Office e-mail Address: uoQnhla@aim 
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Appendix A 



Responsible Investigator 
Lawrence E. Armstrong, Ph.D. 

Human Performance Laboratory 
Department of Kinesiology 
University of Connecticut 
2095 Hillside Road, U-1110 
Storrs. CT 06269-1110 
Office Tel: 860-486-2647 
Dept FAX: 860-486-1123 
lawrence.armstrona@unonn oh,. 



DeMarco during Aprn^nd May^2007 telephone discussions with Attorney Paul M 

humans who exercise in a hot environmenf ‘yPes. on 

controiied, randomized experiments following experimental design involves 

Human Performance LabTrato^ Jpg"* of Connecticut, 
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Background 

-n besignifican.. Forexample. 

Exercise-induced metabolic heatproduction rak dissipation to the air. 

ssi" ro K'S^rsr 

Medicine 30:29-39,2002. ' (2) ^strona LE *Ssan '^^**S** uniforms. The Physician and Sports 
Exertional heat illness during traininq an<?cornDemio^^'A^‘^^*^'®<?^°^^ WO. 

Medicine & Science In Sporte & Exercise 39(3)^^°67^2 Mt'^ Medicine Position Stand. 

Purpose of this Research 

sarssssssss'? “or 

neimei and shoulder pads was about 2001 fn = 10V or 
environment f 9 l a-f wr T workout All expenments were conducted in a controlled hot 

™s*, pS.£.“rrssssS“« S"“ ™' ■“ 

iSnesfdu')irgTra!rtng^an?com°S^^ ^“bertsWO. Exertional heat 

Science in Sports & Exemise 3^3): 556 572 ’’ «■ 

Scope of Work 

This project included the following: 

s^otte kystologtsts and medical monitoring by one M.D. 

■ ss s sSeB” ':,r ss ““““ 

■ SSrnrpSo*„roS„^“ .-Conn.«ic„. iRB 

; =«=;rrs&rrr?„r«nm. 

ptoposel, all eleo moo»ed (ending fmm deparimental end ollw greet aotireS) 
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• ordering supplies and chemicals 

use of the HPL facilities and environmental chamber 

‘ oha«tics 

SucHl'n and rights 

inducting 30 expenments in the environmental chamber of the HPL plus 10 familiarization 

* Sle^utollf^ Phlebotomist and handling of blood samples with univemal 

* SSd'"sSomsTl!^!"" ‘’“'ly temperature, clinical 

Trainers, and CPR-S^SSS5°"'' 

calibrating, maintaining, and using analytical instruments 

• statistical analyses 

preparation of the final report for submission to Paul M. DeMarco. 


Approval Process at the University of ConnecUcut 

®>«perimental design, and budget were approved by the University of 

.p£S:“ PPP»-.d by «. u„,v«i^ „, Connec.,.,, 

Methods 

IresShteHcexnPripn l^T of ‘^0'^previous and 

trained ofSaSaS o^o°''o9e football experience but not highly- 

amea or neat acclimatized), body dimensions, and medical history (i e no chronic or 

m1nute°durmiorThfe Lfrr'"^ subject perfoimed three laboratory wils of approximately 80 

SS heatst'rake^r *f exhibited any of the following: (a) history of 

skeletal Mu™ M (b) a musculo- 

riicikQ of exercise-heat intolerance or lower back injury (d) historv of a 

Ste " !5 “■ “-p b~t (.) t.1* E L ’Z13!,L Of 

pounds. ' ^ outside the age range of 19 - 34 yr; (g) weighed less than 230 

JnStpe wom°"’'^®'^ employed. The experiments differed only in the 


8 
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fold thicknSa, forS weight, age. and skin 

Snt suppliants, alcohol, drugs, medications, and 

exercise during the 24 houm prior to each exSeT® ”9'’* 

efis ofTSflhtnfTtV'®* experiment, to reduce the 

kept prior to the first exce imentaiwf®^^^ performance. A 24-hour food and fluid diary was 

the 2S-hour period Jrior to subsejuent toa^"’ ® 

(HPL) subjects did^not'par*?ft^»h''* before they arrived at the Human Performance Laboratory 
wlw ■ 9 o u consumed a controlled meal (1 bagel, cream cheese 

food to dfesL ^ ^ ® ‘° 1 hour after eatinj, to allow 

Sale! S suLSSrteTa rS*f '^^'Sht was measured on an electronic 

urine sample wafwSd to ^ ° P®®‘ A small 

nnf toctoH^ ^ collected to assess hydration state via urine specific gravity Subjects were 

SSSSS" ?A’SmoS'-™ ?!?!';“ -S^S.rSS.r’ 

^r, < mta d«„, L«.e. 

Subjects consumed no fluid during laboratory experiments. 

seat^ resf toTnlort’h’^°* ^° rninufes of repetitive box lifting (RBL). 10 minutes of 

(45 lb) metal box with hanHi*° of treadmill walking. RBL consisted of lifting a 20.4 kg 

Se i, on a plX^tSat ‘^e box. subjects walked 2^4 m to ® 

starting position after each lift a- '"''estigator slid the box down a ramp to the 

demonstrated and Each subject used his legs when lifting the box from the floor, as 

S Sees his feet close to the box, 

and feedback reaarriinn nana- fh subject received a minute-by-minute countdown 

study conducted^in our^la^hr^St identical in all experiments. Based on a 

Se So^ tois was a chan^ during Winter 2006, subjects lifted the box 100 times per 10 

^nS forLse teS suWects whn ^ ^'=h'®':®bte effort for average male college students 

while theVwerfrltornton r * P'^y®"®' After each 5-minute point, and 

9 
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Igns^Ld'symptomf ^ heal reached. Exercise was terminated ift (a) 

diLiness) aSearSl SJb) °f«H>rdination. or' 

rectal temperature rose to 40 ”C^ 04 »n nr h- h because of exhaustion: or (c) 

completed 10 minutes of box imL these conditions existed, subjects 

exerdse (boxeTE per 10 The pacing of the RBL 

day-to-day. ^ t^^esdmill exercise (3.5 mph) were controlled from 

fraiS'SSd oweho?'^" (all experiments) from an antecubital vein by a 

Eo(^l AnS 7^1 ‘^'^hnique. This was followed by the ex^rdse 

due to the possibility of snaqqino the cannulas were not utilized 

on the familiarization day ^ he catheter line on clothing or gear. No blood was collected 

Sra mealT^^°dZn of perceived exertion, thermal sensation, thirst, pain intensity) 

in Appendix A The rftina nf n these perceptual scales appear below 

Outcome Variables 

The key outcome variables were; 

- Borg's Rating of Perceived Exertion Scale 

- Thermal Sensation Scale 

- Thirst Sensation Scale 

- Pain Intensity Scale 

- redal temperature (0.1»C) via theimister, measured every 5 minutes 
foreheaEd^ne^ck ° ^ infrared sensing thermometer, measured every 5 minutes, at the 

thESomSy 

- btood EfureEm h''^ measured every 5 minutes 

- totafeS «meTo?Ster'""""^^^^^ "" P-‘«- 

_ venipuncture (immediately before and immediately oost-exerdset 

t-testwasusedtoeva,uate^dLrEsTe£^^^^^ 

10 ^ 
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marif ‘®'"P®rature and heart rate, for a hypothetical 2-hour 

dtevSto (SdT ^ regression analysis. All values are reported as mean ± standard 

Abbreviations 

The three experimental trials are named via the following terms: 

Control - shorts, socks, sneakers; 

hips, arms, 

shoulders and chest) mmus the helmet and shoulder pads . 

ThH i sneakers, jersey, pants, gloves, pads on legs, hips, arms 

and chest) including Riddell shoulder pads and a Riddell helmet; the vintage of the 
helmet and shoulder pads was about 2001 * or 

Thcompleted the Control. Partial, and Full Uniform experiments. 

The abbreviation RBL refers to the process of repetitive box lifting. 


Results 


Environmental Conditions 


Table 1. The air temperature inside the Human Performance 
chamber was virtually identical for all experiments. 


Laboratory environmental 


Experiment 

Number of 
Measurements 

Mean Air 
Temperature PC) 

Standard 

Deviation 

Control 

30 

33.0 

0.7 

Partial fno H or SP) 

30 

33.1 

0 8 

Fulf Uniform 

29 

33.0 

0.7 


Table 2. The air relative humidity {%rh) inside the Human Performance 
environmental chamber was virtually identical for all experiments. 


Laboratory 


Experiment 

Number of 
Measurements 

Mean Relative 
Humidity (^^C) 

Standard 

Deviation 

Control 

30 

48.7 

5.5 

Partial (no H or SP) 

30 

49.4 

5.3 

Full Uniform 

29 

48.0 

5.9 


the avLanZ iTr ^ location. Near the box lifting station, 

fr f/®. air speed was 25 feet/min = 0.417 feeVsec = 0.13 m/sec = 0.3 mph. On the 

rn/ser= 0 ^1 mph*^'^^ treadmill belt) the air speed was 10 feet/min = 0.167 feet/sec = 0.05 


Subject Characteristics 
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Table 3. The ten male test subjects had 
the following personal characteristics. 


played football for at least three years and had 


. ~ ... \uuai x-ray 

standard body composition technique 


Subject 

i 

Age 

lyL 

Body weight 
(ka/lb) 

Height 
(cm / in) 

Body fat 
<%) ® 

Fat Mass 
(ka/Jh)‘ 

Lean Body Mass 

/Itm t iu\ a 

q 

33,7 

116,94 

(257.81) 

199.6 

(Z8.6) 

27.6 

30.5 
(67 2) 

|K(] t ID) 

80.2 
/i7ti a\ 


27.1 

113.62 

(250.48) 

184.9 

. (72.8) 

26.8 

29.1 
(64 2) 

79.6 

7 

26.3 

110.36 

(243.30) 

189.2 

(74.5) 

23.3 

24.8 

(54.7) 

1 1 / 

81.6 
/17Q Q\ 

Q 

ly.o 

105.37 

(232.30) 

183.4 

—172.2) 

26.2 

26,6 

(58.6) 

75.1 

/1A(; A\ 

Q 

20.8 

107.95 

(237.99) 

181.6 

—(71.5) 

26.7 

28.1 

(61.9) 

77.0 

/iRQ Q\ 

10 

23.5 

121.02 

(266.80) 

r 176.5 

(69.5) 

34.7 

41.0 

(90.4) 

77.0 
(169 8) 


21./ 

117.93 

(259.99) 

179.1 

(70.5) 

377 

43.0 
(94 8) 

70.9 

11 

1*5 

21.6 

131.09 

(289.00) 

183.6 
_ (72.2) 

40.1 

50.6 

(111 5) 

(lOO.O) 

^5.6 

/■(Aft y\ 

1 q 

19.1 

110.13 

(242.80) 

173.5 

(68.3) 

30.1 

32.3 

(71 2) 

75.2 

/*tftft o\ 

To 

19.9 

106.64 

(235.10) 

185.9 

(73.2) 

28.0 

29.0 
(63 9) 

1 i 

74.5 

4. cn 

23,8 

117.41 

(258:84) 

183.9 

(72.4) 

30.1 

33.5 

(73.9) 

76.7 

/IftO •(\ 

as deter 

4,3 

mined fa 

12.59 

(27.75) 

V UtXA IHiial v-r 

6.3 

(2.5) 

5.6 

8.4 

-(16.5) 

3.2 

_ (L11- 


Hydration Status at the Beginning of Daily Testing 

specific gravity. Thesy^o^variabterare^lo^^ morning body weight and urine 

dehydration, normal hydratioror r ^ ^ "’^f<<ers of 

elusive gold standard Journal of the7ml'rir^n!T Assessing hydration status: The 

sublect conci imoH « Amencan College of Nutrition 26(5):675S-584S 2007) Each 

not dehydrated. This^inTolvedlfrinkina 20^i!’ ®"sure that he was 

testing) and 20 ounces (591 mh of wa? • of water after dinner (night before 

ounces (591 ml) of water immediately upon waking (on the morning of testing). 

statiLcal^ simto^on^l days'^The under pants, and urine specific gravity were 

M .ubj.* 
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Table 4. Mean (+ SD) body weight and 
arrival at the laboratory for three 


urine specific gravity at the point of 
experiments. 


Experiment 

Number 

of 

Subiects 

Mean + SD 
Body Weight 
(kg) 

Mean + SD Urine 

Specific Gravity 

/ifniflAQ«\ 

Control 

10 

114.87 + 8.48 

1.015 + 0 008 

Partial (no H or SP) 

r 10 

114.78 + 8.54 

1 018 + 0 007 

run UniTorm 

10 

115.65 + 8.47 

1.016 + 0.007 


rinaings 


- 7 —*^-^—- niy two experiments were terminated due to an investioator 

obvious^exhaustbTfTe ^hTh fimpending heat illness or 

maintain the treadmill walking^a^ *° 

Table 5. The number of subjects completing exercise during each S-min segment of 



Skin Measurements 


^SmenlrTbteTnrn^'n'^ ''t and the forearm in 

unifoms were comwied ^AUhlfoSm fhe sk'T'" of uniform type existed when all 
Control (P< 05t At ‘he skin temperature for Full Uniform was greater than 

FuSLSs »tn°Sal (?< o1' 


!3 
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Table 6. Mean {+ SD) skin temperature rc) measured at two sites (n = 8 to 


10 ). 


Experiment 

Measure¬ 
ment Site 

Pre-RBL 

Immediately 

Post-RBL 

Start of 
Treadmill 

Final 

TreaHmilt 

Control 

Back of 
neck 

33,0 + 1.0 

33.7 + 1.0 

34.1+0.5 

34.5 + 1.2 


Forearm 

33,0 + 1.0 

32.8 + 0.8 

33.4 + 0.9 

34.5 + 10 

raruat 

(noHorSP) 

Back of 
neck 

Forearm 

33.5 + 0.9 

e j. A o 

33.7 + 0.8 

34.1+0.7 

35.3 + 1.0 

Full Uniform 

Back of 
neck 

33.4 + 1.4 

33.7 + 0.8 

34.2 + 1.1 

34.3 + U./ 

35.1+0.6 

35.0 + 0.6 

35.6 + 1.0 

Note: st;q 

Forearm 

33.4 + 0.9 

33.7+1.0 

35.1 +0.5 

35.2 + 0.6 1 




Experiment 

Initial 

Vi RBL 

Post- 

RBL 

T-mill 

Min 0 

T-mill 

Min 20 

T-mill 

Min 40 

T-mill 

Final 

Control 

47 + 4*^ 

47 + 4** 

47 + 4** 

47 + 4“ 

47 + 4** 

47 + 4** 

47 + 4 ® 

Partial 

(no H or SPl 

75 + 9 

74 + 8 

80 + 8 

81 + 11 

84 + 8 

87 + 6 

89 + 4 

Full Uniform 

69 + 11 

66+11 

78 + 9 

81+8 

86 + 9 

87 + 6 

90 + 5 


the air 

b 


P< oonnmf® significantly different from all other uniform types, at all time points 


(P<.000001) 
Sweat Productinn 


rtte SpSarfn Tabte 


Table 8. Mean (+SD) rate of sweat production (different exercise durations). 


Experiment 

Mean {+ SD) 
sweat rate 
(fiters/h) 

Number of 
subjects 

Control 

1.24 + 0.16 

8 

Partial (noHor SP) 

1.86 + 0.25 * 

8 

t-ull Uniform 2.05 + 0 34 ® 

8 


14 
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. significantly greater than the Control clothing (P<.001 to .0001) 


Rectal Temperature 

Unif^^ recorded during each experimental trial (Full 

ST’learrisS^^^i and Control (shorts, socks, sneakers 

Smi ft f ^ '"“■eased, the differences in rectal temperature (due to 

finaSrttmnf^ different amounts of heat were stored in body tissues and organs. The 
Partat^i npt? f ® '‘t’ ‘^afa points in Fig. 1) were lower for Control versus 

^Sd soTni; in F. ntt-f "wo "’at exhaustion 

SeSurtt "" " P®" higher rectal 



diffel^L^t uSri’tfnff® ‘‘“•‘"i w®‘-’ '"hi'e wearing three 

different uniform types. Data points depict only segments with five or more subjects. 
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re^rdedas'folSlSSl Sf- 6 

considered to be the lower body temDeraturf- k- hyperthermia is 

y temperature threshold at which exertional heatstroke begins. 

“"'r “f 

the end of treadmill walking (different dufafion*:^ Pre-exercise to 

of rest and uatg 60 rninutL oSdrnM ^»s mcluded 10 minutes of RBL. 10 minutes 

exercise (to the point of exhaustion) in important to note that the duration of 

subject. exhaustion) in Table 9 was unique for each uniform type and for each 


exScii (?re.RBU to"tS end ^ox lifting 


Experiment 

Control 

Mean (+ SO) rectal 
temperature increase 
(*C) from Pre-RBL to 
end of treadmill 
walking for each 
subject 

1 fll 4 . n /in 

Number of subjects exercising, 

at four time points of treadmill walking 

at 

15 min 

at 

30 min 

at 

45 min 

at 

60 min 

Partial 

(noHorSPl 

^36 +^.24 ^ 

10 

10 

10 

7 

7 1 

6 

7 

3 

t run uniform 

signific 

2.37 + 0.45 ^ 

^antly different from Contro 

10 

fP<.0005) 

7 

3 

1 


— ? ■ ] ’ ^he value for rectal temperature change in coIl 
min of rest, and treadmill walking (different durations). 


segment was selected because 40 minutes of treadmill walking. This 

heart rate began to separate tFiauresTa^rt^i'n ‘ T ® ‘emperature and 

temperature rise wafr^a^^L differLtf ‘^P®' °f ^^<=*31 

(Table 10). Partial Uniform experimental conditions evaluated here 

temoeratureTTiir l^g^^! ^ ' ^^'"^®^^ ^>^"lt od in a douhlinn of roor.i 

Uniform caused rectal tpm n»r=.t.,rf. to rise 2 socks sneakers), whereas the Full 

^rtial Uniform and the F ul? Uniform^ to^rnnimfrir Control , Comparisons of the 

Mmet and shonlripr n=,Wc --- 4*^0/ 20 to minute 40) the 

O^TTpArm^-^^ total rise of rectal temperature (i.e., 0.20 / 
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Table 10 The mean rectal temperature increase ("C) from minute 20 to minute 40 of 
treadmill walking. 


Experiment 

A/lean Rectal Temperature 
Change from Min 20 to Min 40 (®C1 

Standard 

Deviation 

No. of 
subjects 

Control 

0.27 

+ 0.15 

7-10 

Partial 
(no H or SP) 

0.54® 

+ 0.17 

6-10 

Full Uniform 

_n 

0.74“ 

+ 0.05 

4-9 


^ w ^ 7 wi 1^ IIV/III wwl lil V7I 

, significantly greater than Partial and Control (P<.001 to .05) 

The change of rectal temperature also was expressed per unit of exercise time (on the 
treadmill; see Table 11) and total exposure time (i.e., 10 minutes of RBL + 10 minutes of rest + 
60 minutes of treadmill walking; see Table 12). The rate of rectal temperature rise, and 
the differences between unifonns, were greater during exercise (Table 11) than during the total 
heat exposure (which included a 10-min rest, seeTable 12). During the entire treadmill exercise 

helmet or shoulder pa d s) caused rectal temperature to rise 1.4 times 
^ste^than Control , whereas the Full Uniform caused rectal tem perature to rise 1.9 times faster 

treadmill exercise bout, the helmet and shoulder pads accounted 
Tor 56% of the total rectal temperature rise (|.e., 0.019 / 0.034 = 0.56*100 = 56%1 of the Full 
Untform. - 


Table 11. The mean rectal temperature increase (*C), expressed per minute of treadmill 
exercise (no rest, no RBL). 


Experiment 

Mean {+ SO) 
rectal temperature 
change (®C/min) 
per min of 
treadmill walking 

Mean (+ SD) total 
duration of 
treadmill exercise 
to the point of 
exhaustion (min) 

Number of 
Subjects 

Control 

0.037 + 0.015 

51.7 + 13.4 

10 

Partial 
(no H orSP) 

0.052 + 0.012 

43.1 + 15.6 

10 

Full Uniform 

a jr: 

0.071 + 0.032 ® 

36.2 + 13.2 

10 


significantly greater than Control and Partial (P<.0005) 
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Ixoisur; ? temperature increase (“C), expressed per minute of total 

Snino fir * environmental chamber. This table represents the 

beginning of RBL to the end of treadmill walking (different durations) 


Experiment 

Mean (+ SD) 
rectal 

temperature 
change (^C/min) 
during the 80 min 
heat exposure 

Average 

total 

exposure 

time 

(min) 

Number 

of 

Subjects 

Control 

0.026 + 0.008 

71.7 

10 

Partial 

(noHorSP) 

0.034 + 0.006” 

63.1 

10 

Pull Uniform 

a _ .< 

0.042 + 0.010®*'* 

56.2 

10 


jj ’ .uioii wuiiuui ^r^'.uo lo .uuuo; 

, significantly greater than Partial (P<.05) 

the value for rectal temperature change in column 2 includes 10-min of 
KBL + 10 min of rest + treadmill walking (different durations). 


Heart Rate 

indication of physiological strain on the circulatory system during 
^ RBL. rest, and treadmill 

oi^^^ore suht^f ‘yP®®- P®'"*® °"'y segments with five 

betoeen siStQ w ^ I* ‘u standard deviations at ail data points (i.e., the differences 
measure significantly different at most points of 


IS 
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tKdffferenl ” n«hile wearing 

Secte °"'y segments with five or more 

bet!?een Comro! Control and Partial, and 

{P< 0 T 5 I anTbeSrnnlVoi^ Control and Partial 
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Table 13. Mean (± SD) heart rate at the 40“' mil 


minute of treadmill exercise. 


Experiment 


Control 


Partial (no H or SP) 


Full Uniform 


Mean + SD 

Heart Rate 
(beats/min) 
156 +14 


171+9 ^ 

181 + 9 ® 


Number of 
Subjects 


, significantly greater than Control {P<.01) 

Table 14. Mean (± SD) heart rate at the end of treadmill exercise (different durations). 


Experiment 

Control ~ “ 

Mean (+ SD) 
Heart Rate 
(beats/min) 

Number of 
Subjects 

Partial (no H or SP) 

164 + 14 

178 + 8 ® 

10 

10 

run Uniform 

. significantiv nmai 

180 + 13 ^ 

10 


Blood Pressiim 

circulating blood on th^walteof stethoscope, is the force exerted by 

Although many moder^ dS^Ls no tonoer arterial pressure, 

reported in milLeters oWu^°^ pressures are universally 

thaYeSS oS'cS^^ - ^'terles, which occurs near 

resting phase) of the cardiacwte The tem '®west pressure (at the 

pressure. This is important bewuse^vtiol^c;!^^ abnormally low blood 

of exercise in the heat. ypotension may result in weakness, fainting, or cessation 

RBLwas greater than Final P<7ooi^ Si T Post- 

pressure was observed (i.e' it decreasPff mam effect of time on diastolic blood 

RBL was greater than PosFRBL P< 005 - Prp°RRi'”’^ ’^^®® uniforms were combined (Pre- 
an rosr KBL, P<.005, Pre-RBL was greater than final, P<.0005). 

possible that this ^an^ge Lr^ooSssli^^iffecf^”^^ Pressure (i.e., relative hypotension). It is 
inducing a sense of fatigue or exhaustion. ^ duration of treadmill exercise by 

Table 15. Mean (± SD) systolic blood pressure (mmHg) at three time points. 
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Experiment 

Number of 
Subjects 

Experimental Protocol Phase 



Pre-RBL 

Post-RBL 

Final 

T-mill Walkinq 

Control 

9 

119 + 6 

131 + 10 

110 + 6 

Partial 
(no H or SP) 

9 

120 + 8 

119 + 12 “ 

106 + 12 

Full Uniform 

9 

118 + 11 

119 + 13 ® 

116 + 12 

significant 

ly different from Control (P<. 

35) 



-- • ■' —Mine; wdd ucicuieu wiien ciii unirorms 

RBL versus Final, P<.0001; Post-RBL versus final, P<.0001) 


Table 16. Mean (+ SD) diastolic blood pressure (mmHg) at three time points. 


Experiment 

Number of 
Subiects 

Experimental Protocol Phase 



Pre-RBL 

Post-RBL 

End of 

T-mill Walkina 

Control 

9 

75 + 9 

74 + 8 

72 + 6 

Partial 

(no H or SP) 

9 

80 + 9 

62 + 12 

62 + 12 

Full Uniform 

9 

79 + 7 

69 + 14 

65 + 9 1 


^2^: a main effect of time was defected when all uniforms were combined (Pre- 
RBL versus Post-RBL. P<,005: Pre-RBL versus final, P<.0005) 
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Exercise Time 



exercise time (min) while wearing three uniform types (n = 

). The exercise time of Full Uniform was significantly less than Control (P<.05). The 

amIterthJI!Was Significantly less than Control (P<.005) and significantly 
min^oTrest" (P<.005). Treadmill exercise began after 10 min of RBL and 10 
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Blood Analyses 

Blo^ samples were drawn before RBL began and when treadmill exercise ended. Blood lactic 
acid concentration (Hia), a product of anaerobic metabolism, is an index of the intensity of 
exercise. Blood glucose concentration (Glu) expresses the availability of this essential fuel. 
Plasma osmolality (Posm) and percent change of plasma volume (% change PV) indicate the' 
concontration of blocid and the loss of blood plasma from the circulation, resperfively. 


Table 17. Blood constituents measured before and after exercise (n = 10 for all 
uniforms). No between-uniform differences existed for any blood variable below. 


Experiment 

Pre 

Hla 

Post 

Hla 

Pre 

Glu 

Post 

Glu 

Change 

% Change 
PV 

Control 

1.3 ±0.6 

1.3+ 0.5 

6.2+ 5.5 

5.5 + 0.7 

9.2 + 6.9 

-7.2+ 5.4 

Partial 
(no H or SP) 

1.6+ 0.6 

1.5+ 0.4 

6.2+ 5.8 

5.8+ 0.7 

3.8+ 4.9 

-3.1+5.8 

Full Uniform 

1.4+ 0.7 

1.7 + 0.5 

5.6+ 5.8 

5.8+ 0.8 

5.1+5.8 

-3.9+ 3.3 


Perceptual Ratings 

Perceptual rating scales allowed quantitative measurements to be made of perceived exertion 
during exercise, as well as thermal, thirst and pain sensations (Table 18). These ratings 
involved the following instruments: Borg's Rating of Perceived Exertion Scale, Thermal 
Sensation Scale, Thirst Sensation Sc^Ie, and Pain Intensity Scale. A main effect of time 
(P<.001 to ,05) existed for all ratings, in that these values increased from Pre-RBL to Final. 
However, no perceptual rating difference was detected between uniform types. 


23 























Case: 2:03-cv-00665-MHW-MRA Doc #: 82-1 Filed: 01/05/09 Page: 25 of 30 PAGEID #: 10999 


fneasured at five Ume points (n = 8 to 10). The 

perceptual instruments are described in the text above. « me 


Uniform 

Type 

Time 

Point® 

Perceived 
Exertion ^ 

Thermal 

Thirst 

Pain 

Intensity 

control 

Pre-RBL 

6 + 1 

4.5+ 0.5 

2 + 1 

0 + 1 


End RBL 

14 + 3 

6.0+1.0 

5 + 2 

2 + 2 


Start 

Treadmill 

8 + 2 

5.5+ 1.0 

3 + 1 

1±1 


Min 20 

12 + 3 

6.0 + 1.0 

5 + 2 

2 + 2 


Final 

14 + 3 

6.0 + ZO 

7 + 2 

3 + 3 

Partial 

(noHorSPi 

Pre-RBL 

6 + 1 

5.0+ 0.5 

2 + 1 

0 + 1 


End RBL 

16 + 2 

6.0+ 1.0 

5 + 2 

3 + 2 


Start 

Treadmill 

8 + 2 

5.0+ 1.0 

4 + 1 

1 + 1 


Min 20 

15 + 3 

6.5+ 1.0 

6 + 2 

3 + 3 


Final 

18 + 2 

7.0+ 1.0 

8 + 1 

4 + 3 

Full Uniform 

Pre-RBL 

6+1 

4.5 + 10 

2 + 1 

0 + 1 


End RBL 

16 + 2 

6.0 + 0.5 

5 + 1 

2 + 1 


Start 

Treadmill 

9 + 3 

5.5+ 0.5 

4 + 2 

1 + 1 


Min 20 

14 + 3 

7.0+ 0.5 

6 + 1 

2 + 2 


Final 

18 + 1 

7.5+ 0.5 

7±1 

4±3 


ended; Start treadmill, immediately after a 10-min rest period and 
treadmill walking began; Min 20, measured during the 20"' minute of treadmill walking- 
Final, measured immediately before treadmill walking ended. 


", Pre- 

RBL, 

imme 

diatel 

y 

befor 

e 

repetit 
ive 
box 
lifting 
(RBL) 
task 
began 
: End 
RBL. 
imme 
diatel 
y after 
the 
repetit 
ive 


Effects of Body Composition on Physiological Responses 

relation between two or more variables. A perfect 
nn™ !■ ^ ! ° ?u ° P°'r’‘s all lie exactly on a straight line A 

S fo ° f ''®s'="bed as strong-, this indicates that the dependent entity is 

n n Lh n fl ‘ P'’®‘^'®‘3bly to changes in the independent entity. A correlation coefficient between 

as moderate. A correlation less than 0.5 is described as weak, 

^ relationship may not exist. A coefficient of zero implies no relationship 
between the two variables. ^ 

to show the relationships between body composition 
r physiological responses. This analysis compared key test subject 
rirt^ ' body weight, % body fat, height, and lean body mass) to exercise time, 

wfl! w ^ f measurements. Only the Full Uniform was analyzed in thi.; 

Srtnr of uniforms. Table ^presents the matrix of correlations 

coefficients, and their significance leveis as derived from linear regression analyses 
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statistical correlations (r) that describe relationships between 
subject charactenstics and key physiological responses during the Full Uniform 
experiments only (n = 8 to 10). 


test 



Exercise 
Time (min) 

Final 

T« 

(•C) 

Change 

(“C) 

Final 

Heart Rate 
(beats/min) 

Heart Rate 
Change 
(beats/min) 

Age (years) 

+ 0.41 

+ 0.57^ 

+ 0.53 ** 

-0.10 

-0.19 

Body Weight 
(kg) 

-0.19 

-0.27 

-0.08 

-0.40 

- 0.23 

Body Fat (%) 

-0.66 = 

-0.61" 

-0.66®*® 

- 0.36 

-0.39 

Lean Body 
Mass (kq) 

+ 0.68^*" 

+ 0.65 

+ 0.84®*'“ 

+ 0.22 

+ 0.36 

Height (cm) I 

+ 0.41 

+ 0.33 

+ 0.28 

-0.39 

-0.25 


ically significant (P<.05) 
statistically significant (P<.005) 


a 

t 

mode 

rate 

correl 

ation 

b 

• 

strong 

correl 

ation 

C 

f 

statist 


Prediction of Rectal Temperature and Heart Rate 
at the Hypothetical 2-hour Time Point 

The statistical regression analysis of the plot lines for Full Uniform. Partial, and Control allowed 
a prediction of the rectal temperature (Figure 1) and heart rate (Figure 2) values that would have 
been reached by test subjects, had they continued to exercise longer. The following values 
were ^Iculated. via regression analysis, as though treadmill walking had continued to the 2- 
nour time point. The final six data points (25 min period) for each uniform type (Figures 1 and 2) 

■ Rectal temperature after 2 hours of treadmill walking is predicted to be' 
o Full Uniform-42.0*0 (107.6®F) 
o Partial (no H or SP) - 40.8*0 (105.4*F) 
o Control - 39. rc (102,2^) 

Heart rate after 2 hours of treadmill walking is predicted to be; 
o Full Uniform-218beats/min 
o Partial (no H or SP) - 190 beats/min 
o Control - 163 beats/min 
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Conclusions 

snSfs-c?! only shorts, socks and 

su^rti)"° ” ~ Uniform minus helmet and shoulder pads (n = 10 

pads onS hip?°a'JL"c?.'‘f 10 iu^S*’ 3'°''®®' P®"*®’ 

subjects completed the Control, Partial, and Full Uniform experiments. 

specificSiStwerriSollSi 

■ FuimS^sis ihr^kr™ ) ®®<^ 

llsweaf ‘^f ‘"®'''® *''® (Control, Partial Full). 

clothing. Uniform; both of these were greater than Control 

^^ S^rTed^s fSsfSntrol -4°Sr*6 FSimr^r^®"^ 002 . 2 ^) was 

considered to be the lower ^ 

''STed ScmS o?r?clSoLS?’ P®-^®) 

body) that was 2.0 times greateTttian Con^’ Ful?w*'?®‘'^®®P ‘'®®®®® °f tP® 
temperature that was 2 7 timoe Uniform caused an increase of rectal 

43«/rof thisIncmaTeS^^^^^^ “’® ®'’®®'d®^ P®ds caused 

cared?ecS™tm^ '’®""®‘ ®P°®'der pads) 

caused Si temSu[l L rise 9‘'^® F®" UnifL 
exercise bout the helmet and shnuirif^r ®® During the entire treadmill 

bS”s"er""'' '■" ®®«^® P^°‘°®°' (RBL . rest + 

'' trSdmSmTer' " "" (R^*-" ^®®‘ ^ 

20.'Exercise finieTe°"treadt!^iluZie"r rlfT ^^P®®- 
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b. Test subjects with a higher lean body mass (i.e., muscle, lean tissue, bones; exclusive 
of body fat) exhibited a longer time to exhaustion, and thus had a larger increase of 
rectal temperature. 

14. The statistical regression analysis of the lines for the Control, Partial and Full uniforms (see 
Figure 1 and Figure 2) allow a statistical projection of the physiological values that would have 
been reached, during a 2-hour exercise bout. 

■ Rectal temperature after 2 hours of treadmill walking is predicted to be: 

o Full Uniform-42.0‘'C(107.6‘'F) 
o Partial (no H or SP)-40.8"C{105.4‘’F) 
o Control- 39.rc (102.2^) 

■ Heart rate after 2 hours of treadmill walking is predicted to be: 

o Full Uniform - 218 beats/min 
o Partial (no H or SP) - 190 beats/min 
o Control -163 beats/min 


Appendices 

The following pages contain forms and scales used during this investigation. 

Appendix A - Perceptual Scales: rating of perceived exertion, thermal sensation, thirst, pain 
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Appendix A - Four Perception Scalea 


Thirst Scale (1-9 pt.) 

1 Not Thirsty At All 

2 

3 A Little Thirsty 

4 

5 Moderately Thirsty 

6 

7 Very Thirsty 

8 

9 Very, Very Thirsty 

Source^ Engell, D. B., O. Mailer. M. N. Sawka, R. N. Francesconi, L Drolet. and A. J. Young. 

ooc following graded hypohydration levels in humans. Physiol. Behav. 

40:229-236, 1987. 


Thermal Perception (1-8 pt.) 


0,0 

0.5 

Unbearably Cold 

1.0 

1,5 

Very Cold 

2.0 

2.5 

Cold 

3.0 

3.5 

Cool 

4.0 

4.5 

Comfortable 

5,0 

5.5 

Warm 

6.0 

6.5 

Hot 

7.0 

7.5 

Very Hot 

8.0 

Unbearably Hot 


Source; Young AJ, Sawka MN, Epstein Y. Decristofano B. and Pandolf KB. Cooling different 
body surfaces during upper and lower body exercise. J AppI Physiol 63:1218-1223,1987. 
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Rating of Perceived Exertion (6-20 pt.) 


6 


7 

8 

Very, Very Light 

9 

10 

Very Light 

11 

12 

Fairly Light 

13 

14 

Somewhat Hard 

15 

16 

Hard 

17 

18 

Very Hard 

19 

20 

Very. Very Hard 


Source: Borg G. Perceived exertion as an indicator of somatic stress. Scandinavian Journal of 
Rehabilitative Medicine 2-3:92-98.1970. 


Pain Intensity Scale (0-10 pt.) 

0 No pain at all 

Very faint pain {just noticeable) 

1 Weak pain 

2 Mild pain 

3 Moderate pain 

4 Somewhat strong pain 

5 Strong pain 

6 

7 Very strong pain 

8 

9 

10 Extremely intense pain 
(almost unbearable) 

* Unbearable pain 


Source: Motl, R. W., J. O'Connor P, L. Tubandt. T. Puetz, and M. R. Ely. Effect of caffeine on 
leg muscle pain during cycling exercise among females. Med Sci Sports Exerc. 38:598- 
604. 2006. 
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